Pulmonary hypertension (PH) is a common complication of interstitial lung disease (ILD), particularly in idiopathic pulmonary fibrosis (IPF) and ILD associated with connective tissue disease, where the underlying pathology is often a nonspecific interstitial pneumonia (NSIP) pattern. The degree of PH in ILD is typically mild to moderate and radiographic changes of ILD are usually prominent. We describe four patients with idiopathic NSIP and severe PH (mPAP > 40 mmHg). The average mean pulmonary artery pressure was 51±7 mmHg and pulmonary vascular resistance was 13±4 Wood's units. Pulmonary function was characterized by mild restriction (total lung capacity 63-94% predicted) and profound reductions in . Computed tomographic imaging revealed minimal to moderate interstitial thickening without honeycombing. In two of the cases, an initial clinical diagnosis of idiopathic pulmonary arterial hypertension was made. Both were treated with intravenous epoprostenol, which was associated with worsening of hypoxemia. All four patients died or underwent lung transplant within 4 years of PH diagnonsis. Lung pathology in all four demonstrated fibrotic NSIP with medial thickening of the small and medium pulmonary arteries, and proliferative intimal lesions that stained negative for endothelial markers (CD31 and CD34) and positive for smooth muscle actin. There were no plexiform lesions. Severe pulmonary hypertension can therefore occur in idiopathic NSIP, even in the absence of advanced radiographic changes. Clinicians should suspect underlying ILD as the basis for PH when DLCO is severely reduced or gas exchange deteriorates with pulmonary vasodilator therapy.
Pulmonary hypertension (PH) is a common complication of interstitial lung disease (ILD). It is associated with reduced exercise capacity, derangements in gas exchange, [1] [2] [3] and increased mortality. [1, 2, [4] [5] [6] Estimates of the prevalence of PH in ILD have varied from 28% to 85%, with the highest rates observed in idiopathic pulmonary fibrosis (IPF). [1,2,5,7- 11] PH is particularly common in ILD associated with connective tissue diseases, where the underlying pathology is frequently a nonspecific interstitial pneumonia (NSIP) pattern. There are sparse data regarding the prevalence and clinical features of PH in idiopathic NSIP. In the absence of connective tissue disease, ILD-associated PH is typically not severe, with mean pulmonary artery pressures (mPAP) usually under 40 mmHg. [1, 6, 12] We report the clinical and
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Methods
We identified four patients referred to a specialized pulmonary hypertension program with pathologically proven NSIP and severe pulmonary hypertension (defined by a mPAP > 40 mmHg). While two patients (#2 and #3) had low-level antinuclear antibody (ANA) titers (1:40, 1:80), there was no other clinical evidence of a connective tissue disorder. HIV antibody was undetectable in all four patients, and thromboembolic disease was excluded through perfusion lung scanning. None of the patients The pathologic specimens were reexamined by an experienced pulmonary pathologist to confirm the NSIP pattern and to characterize the pulmonary vascular morphology. Fivemicron thick tissue sections were stained with routine H and E stains and Movat pentachrome histochemical stain.
Immunohistochemical staining for CD31, CD34, smooth muscle actin (SMA), and factor VIII was performed by an automated stainer (BOND-MAX, Leica Microsystems, Inc.) All immunohistochemical staining was performed with corresponding positive and negative controls.
The presence of NSIP was confirmed based upon the presence of uniform interstitial fibrosis and chronic mononuclear interstitial fibrosis with temporal homogeneity and lack of granulomas, hyaline membranes, or fibroblastic foci.
The histologic sections were also evaluated for features of pulmonary hypertension, including arterial medial thickening, subintimal proliferation, muscularization of the venous walls, plexiform lesions, a chronic perivascular inflammatory infiltrate and, a perivascular deposition of hemosiderin and capillary angiomatosis. The number of sections available for evaluation ranged between 4 and 12 sections.
cASE REPoRtS
Patient 1 was seen in-clinic following 3 years of progressive dyspnea with exertion and an episode of syncope. Past medical history was notable for remote intravenous cocaine and heroin use resulting in chronic hepatitis C infection. He had been treated with interferon and ribavirin to achieve an undetectable viral load. Liver function tests and prothrombin time were normal and there was no evidence of portal hypertension. A computed tomography (CT) scan of the chest showed minimal interstitial thickening and bronchiectasis in the lung bases (Fig. 1) . Pulmonary function tests (PFTs) and right heart catheterization (RHC) findings are shown in (Table 1) . A clinical diagnosis of pulmonary arterial hypertension (PAH) was made and he was treated initially with bosentan, followed by subcutaneous treprostinil, with a subsequent switch to intravenous epoprostenol and sildenafil. There was no clinical benefit appreciated with any of these regimens. Over the course of 3 years, his WHO functional class worsened from class III-IV and his 6-minute walk distance fell from 401 to 253 m. Oxygenation deteriorated progressively, eventually requiring 6 l/minute of supplemental oxygen. A bilateral lung transplant was performed 4 years after initial presentation. Pathologic examination of the explanted lungs revealed a diffuse cellular and fibrotic nonspecific interstitial pneumonia pattern ( Fig. 2 ).
Patient 2 presented with progressive exertional dyspnea over the preceding 9 years. She had been given a diagnosis of chronic obstructive pulmonary disease (COPD) and treated with bronchodilators and intermittent oral corticosteroids. The latter were often associated with temporary symptomatic improvement. Her past medical history was notable for longstanding diabetes and hypertension. She had a remote 20 pack-year smoking history. Four months prior to her initial assessment, RHC demonstrated severe pre-capillary pulmonary hypertension. PFTs revealed normal lung volumes with a profound reduction in diffusing capacity (DLCO; Table 1 ). Chest CT imaging was free of parenchymal lung disease, but demonstrated mediastinal and hilar lymphadenopathy measuring up to 25 mm in maximal nodal diameter. Intravenous epoprostenol was started for a clinical diagnosis of idiopathic PAH. After transient symptomatic improvement, the patient experienced progressive worsening of dyspnea and an increase in oxygen requirement from 2 to 10 l/minute on an epoprostenol dose of 14 ng/kg/min. At presentation to our clinic, she reported WHO functional class IV limitations and demonstrated decompensated right heart failure on physical examination. A thin-section (1-mm) CT of the chest exhibited a subtle pattern of diffuse reticulation with patchy ground-glass opacities in the lung bases (Fig. 1 ). Given these findings and the poor clinical response to PAH therapy, a diagnosis of pulmonary veno-occlusive disease was suspected. The epoprostenol dose was tapered and sildenafil introduced. Two months later, sudden death occurred. Autopsy demonstrated an extensive fibrotic NSIP pattern. There was also severe 3-vessel coronary artery disease (CAD) without evidence of myocardial infarction.
Patient 3 presented to the pulmonary clinic with chronic cough and mild dyspnea. Her past medical history was significant for hypertension, obesity (BMI of 38), and active smoking (40 pack-years). Initial pulmonary function testing demonstrated normal lung volumes (TLC: 86%) with a mild reduction in DLCO (73%). Chest CT imaging revealed subtle, diffuse reticular opacities without traction bronchiectasis or honeycombing (Fig. 1) . A surgical lung biopsy demonstrated a fibrotic NSIP pattern. Baseline physical exam and echocardiogram done at presentation were not suggestive of PH. Prednisone (0.5 mg/kg/day) was initiated for declining PFTs 3 months later with subsequent improvement in symptoms and pulmonary function, after which steroid therapy was tapered off. Five years later she experienced a non-ST elevation myocardial infarction. A right heart catheterization in this setting showed a pulmonary artery pressure of 90/36 (mean 56 mmHg) with a pulmonary artery wedge pressure of 16 mmHg. Echocardiography at that time showed a dilated right heart with normal left sided function. The interstitial process was more prominent on imaging, and hypoxemia was now present (Table 1) . Mild obstructive sleep apnea (Apnea Hypopnea Index: 11.1) was also diagnosed. Continuous positive airway pressure therapy and supplemental oxygen were initiated. Her cardiopulmonary status continued to decline, with recurrent hospitalizations for right heart failure. A repeat RHC 7 years after her initial presentation with ILD demonstrated severe PAH with RV failure. Progressive restriction and diffusion defects were noted on PFT's ( Table 1 ). The patient subsequently expired due to refractory hypoxemic respiratory failure. Physical examination demonstrated signs of PH and right heart failure, as well as crackles on lung auscultation. Chest CT scan demonstrated mild patchy subpleural and peribronchovascular reticular opacities with minimal honeycombing and traction bronchiectasis. There was also moderate mediastinal adenopathy up to 22 mm. in maximal diameter (Fig. 1 ). PFT and RHC findings are shown in Table 1 . An open-lung biopsy showed extensive fibrotic nonspecific interstitial pneumonia. He was started on prednisone and azathioprine with a good initial response. Fifteen months later, right heart failure associated with atrial fibrillation occurred. He subsequently died suddenly at home.
Pulmonary vascular morphology
Lung pathology of all 4 patients demonstrated interstitial fibrosis and mild chronic inflammation characteristic of fibrotic NSIP (Fig. 2 ). An extensive pulmonary arterial vasculopathy was also present in all cases, and was characterized by varying degrees of medial thickening. In addition, there were widespread intimal lesions in medium and small pulmonary arteries resulting in considerable luminal narrowing and obliteration. The majority of these lesions consisted of eccentric and concentric, nonlaminar intimal fibrosis. In three of the four cases, there were clear concentric "onion-skin" intimal proliferation lesions focally. The intimal lesions stained negative for CD31 and CD34 (endothelial cell markers), but positive for smooth muscle actin. Movat staining also demonstrated muscularization of the pulmonary veins, without evidence of pulmonary veno-occlusive disease. Plexiform or angiomatoid lesions were absent.
dIScuSSIoN
We report four cases of severe pulmonary hypertension associated with pathologically proven NSIP and no evidence of connective tissue disease (CTD). In each case, the vascular proliferation consisted of smooth muscle cells, which is in contrast to the intimal proliferation of endothelial cells observed in idiopathic PAH. [13] Studies evaluating the prevalence and severity of PH in idiopathic interstitial pneumonia (IIP) have been small, and generally have not focused on NSIP. [14, 15] One study included 13 patients with NSIP and reported a 46% incidence of pulmonary hypertension. The average mean pulmonary arterial pressure (mPAP) in that study was 27.6 mmHg. [16] An echocardiographic study reported the incidence of PH to be 28% among 70 patients with IIP, 11 of whom had NSIP. The average sPAP in this group was 30.2 mmHg, though the individual sPAP of the NSIP patients was not reported. [7] In a study by Dorfmüller et al., three patients with severe pulmonary hypertension (mPAP range 51-62 mmHg) were found to have NSIP. However, all three patients carried a known diagnosis of either limited scleroderma or mixed CTD. [17] To our knowledge, this is the first clinicopathologic description of severe pulmonary hypertension, defined as an mPAP >40 mmHg, in a group of patients with idiopathic NSIP. Patient 1 had a history of hepatic cirrhosis and treatment with interferon-alpha, both of which have been associated with an increased incidence of PH. [18, 19] However, there was no evidence of portal hypertension or liver dysfunction, and his symptoms of dyspnea preceded his treatment with interferon. Therefore, these are unlikely to be significant contributors to his PH. Patient 3 had a history of mild obstructive sleep apnea (OSA). While OSA can be associated with mild pulmonary hypertension, severe PH, as seen in this patient is rare. [3, 20, 21] Pathogenesis of Ph in Ild PH in patients with ILD is thought to result largely from vascular destruction and remodeling with vessel fibrosis. [22] Remodeled vessels lack an elastin layer and have decreased vascular compliance. [23] Chronic hypoxemia likely also plays a limited role. [3] All four patients in our series had a prominent vasculopathy with medial thickening and intimal proliferation. Concentric intimal proliferation, as is often seen in cases of severe pulmonary arterial hypertension (PAH) [13, 17] was present in three patients.
In contrast to the intimal proliferation of endothelial cells observed in idiopathic PAH, [13] the intimal proliferative process observed in these cases seems to be one involving smooth muscle cells. This is evidenced by the absence of staining with CD34 and CD31, and positive smooth muscle actin staining. Other lesions often associated with pulmonary hypertension of this severity, such as plexiform and angiomatoid lesions, [13] were notably absent in these patients. Severe pulmonary hypertension [24] [25] [26] [27] in the absence of plexiform lesions [24, 26, 28] has been described in pulmonary veno-occlusive disease. In addition, arteriolar medial hypertrophy [25, 26] and intimal proliferation of pulmonary arterioles, [26] as was seen in our patients, have also been reported in patients with pulmonary venoocclusive disease (PVOD). However, despite the fact that three patients demonstrated venous muscularization, there was no evidence of occlusion of pulmonary venules or preseptal pulmonary veins.
There is evidence that PH in ILD is caused in part by endothelial injury and dysfunctional endothelial cells with a resultant imbalance of vasoconstricting and vasodilating agents. [29] Endothelin-1 is known to cause vasoconstriction and smooth muscle cell proliferation of the pulmonary vasculature, [29] and increased serum, [30] endothelial cell, [29] and alveolar epithelial cell [31] expression of endothelin-1 has been associated with pulmonary hypertension. [32] Likewise, serotonin may also contribute to the development of idiopathic PAH [33, 34] through a similar vasoconstricting effect on pulmonary vasculature. [35] Moreover, dysfunctional endothelial cells from lungs of patients with PH also demonstrate decreased levels of vasodilators, including prostacyclin, [29, 36] nitric oxide, [29, 37] and vasoactive intestinal peptide. [38] Finally, there is also evidence that factors such as platelet-derived growth factor (PDGF) [39] and TGF-b [40] [41] [42] may play a role in the development of PH. Whether or not similar mechanisms are responsible for PH in NSIP remains to be seen.
Pulmonary function tests
Despite severely elevated mean pulmonary pressures, the degree of restriction on pulmonary function testing was relatively modest. The patients in our series demonstrated a mild restrictive defect (total lung capacity 63-94% predicted) with a severe reduction in DLCO (19%-53% predicted). Several studies show PH to correlate poorly with the degree of restriction, and only modestly with DLCO in patients with IPF [5, 10] and other forms of ILD. [7] Other reports regarding PFT abnormalities in patients with both idiopathic and nonidiopathic forms of NSIP have also demonstrated similar reductions in TLC and DLCO, though no correlation with mPAP was made. [43] [44] [45] The degree of pulmonary hypertension in our patients was not predicted by the degree of restriction on their PFTs, though a severe reduction in DLCO may have served as a clue to the presence of pulmonary vascular disease.
Radiographic data
CT imaging demonstrated interstitial changes with reticular groundglass opacities, predominantly in the lower lobes, and two patients had evidence of mild traction bronchiectasis (Fig. 1) . The severity of pulmonary hypertension in our patients was relatively disproportionate to the radiographic findings, which is consistent with previous studies in ILD that also demonstrated a lack of correlation between the amount of fibrosis/interstitial thickening and the degree of pulmonary hypertension. [46, 47] In Patients 1 and 2 the radiographic changes were quite subtle and led to an erroneous diagnosis of Idiopathic PAH.
Response to targeted PAh therapy
Patients 1 and 2 demonstrated worsening oxygenation in the setting of intravenous epoprostenol, likely due to increased perfusion of poorly ventilated areas of diseased lung. While similar clinical worsening with epoprostenol has been reported in patients with pulmonary venoocclusive disease, such cases were associated with concomitant pulmonary edema, [25, 27] which was absent in our patients.
Patients 1 and 4 demonstrated no clinical improvement with bosentan therapy. In patients with sclerodermarelated ILD, bosentan did not significantly improve 6-minute walk distance, [48] hemodynamics, or survival. [49] A similar lack of benefit in 6-minute walk, [50] time to clinical worsening, mortality or quality of life [51] was also seen in trials of bosentan in IPF. In a recent randomized, placebo-controlled trial of sildenafil in IPF, 6-minute walk distance was not improved after 12 weeks of therapy. However, there was a small but significant benefit in arterial oxygenation, carbon monoxide diffusion capacity, degree of dyspnea and quality of life. [52] The pulmonary arteries of our patients demonstrated intimal lesions consisting of smooth muscle cells, as opposed to the endothelial cells observed in idiopathic PAH, [13] and this may explain the lack of clinical response to therapy traditionally used in the treatment of PAH.
coNcluSIoNS
Severe pulmonary hypertension with prominent pulmonary vascular remodeling can occur with NSIP in the absence of known CTD. Pulmonary function and radiographic abnormalities in these patients can be subtle. In contrast to the endothelial cell proliferation observed in IPAH, the vascular pathology observed in these cases involved abnormal proliferation of vascular smooth muscle cells. Recognition of NSIP or other parenchymal lung disease as the basis for severe PH is critical, as PAH therapy in such cases could result in worsening of gas exchange. Clinical outcomes are poor as illustrated here. Carefully designed clinical trials are required to identify effective treatment.
